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1 Introduction 


Ponce de Leon Inlet Field Study 


The Coastal Inlets Research Program (CIRP) was initiated in 1993 by the U.S. Army 
Engineer Waterways Experiment Station (WES) of the U.S. Army Corps of Engineers 
(USACE) as the first comprehensive program to study inlet behavior since the General 
Investigation of Tidal Inlets Program of the 1970's. The Inlet Field Investigations work 
unit within CIRP was tasked with choosing an initial inlet for field study. Careful 
planning was required to balance limited resources with investigator needs. Both technical 
and operational characteristics of candidate inlets from around the country were evaluated. 
Criteria for selection included such factors as the availability of historical data sets, 
engineering problems at the inlet, and suitability of the inlet for field measurements and for 
physical model studies. At the time of the selection process, a physical model study of 
Ponce de Leon Inlet was underway at WES (Harkins, Puckette, and Dorrell 1997). Asa 
result of the lengthy selection process, Ponce de Leon Inlet was recommended and 
approved as the initial CIRP field study site. 


The long-term comprehensive monitoring program at Ponce de Leon Inlet began in 
September 1995, and ran through October 1997. The data collection consisted of 
multiple gauge sites to collect data on wave height, wave period, wave direction, water 
level, current velocity, and wind velocity. Additional data were provided through 
bathymetry surveys, the collection of sediment samples, and inlet monitoring with 
video imagery and aerial photography. 


Location 


Ponce de Leon Inlet is located along the east coast of Florida at Latitude 29°05'N, 
Longitude 80°55'W. The inlet is in Volusia County approximately 20 km south of 
Daytona Beach, 75 km northeast of Orlando, and 80 km north-northwest of Cape 
Canaveral. The inlet connects the Atlantic Ocean with the Halifax and Indian Rivers, both 
of which join the Intracoastal Waterway. Ponce de Leon Inlet is the only inlet to drain the 
Halifax River Lagoon to the north and is the principal inlet for the Indian River to the 
south. Rockhouse Creek is a short channel to the dredged Intracoastal Waterway bypass 
to the west. The location of the inlet and a site map are shown in Figures | and 2, 
respectively. 
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Figure 1. Study location (1 cm equals approximately 17 km) 


Figure 2. Site map (1 cm equals approximately 500 m) 
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Inlet History 


Ponce de Leon Inlet has existed as a natural inlet in its approximate present location 
since at least the time of the Spanish explorer Ponce de Leon when he noted the inlet in his 
log in 1513 (Jones and Mehta 1978). The first major bathymetric survey was done in May 
1925 by the Coast and Geodetic Survey. In 1932/33, the Intracoastal Waterway was 
rerouted to the west of the inlet by dredging a bypass channel, due to problems navigating 
through the dynamic flood shoal. The inlet became non-navigable and was dredged and 
surveyed in August 1943 and again in October 1944 by the U.S. Army Engineer District, 
Jacksonville (SAJ), for the war effort. Prior to jetty construction in 1968, the inlet was 
recognized as difficult and dangerous to navigate with controlling depths over the ebb 
shoal of typically 1.2 to 1.8 m. 


Funding for a weir jetty system at Ponce de Leon Inlet was authorized under the River 
and Harbor Act adopted 27 October 1965. The weir system was designed so that sand 
moving down from the north would pass through the weir section of the north jetty and 
deposit in the adjacent impoundment basin. This basin was to be periodically dredged and 
the sand placed south of the inlet. Construction occurred from 1967 to 1972. Following 
construction, the project did not perform as anticipated. As early as August 1972 riprap 
was placed beside sections of the north jetty to provide scour protection. Because the weir 
section was not functioning as planned, it was partially closed in 1979 and fully closed in 
1984. The inlet continues to experience shoaling, scour, and navigation problems today. 


There have been several previous field studies of Ponce de Leon Inlet. A partial list of 
published reports includes: U.S. Army Engineer District, Jacksonville (1963, 1967, 1983), 
Purpura et al. (1974), Purpura (1977), Hemsley and Briggs (1988), Taylor (1989), Taylor 
et al. (1990), Taylor, Yanez, and Hull (1992), and Waller et al. (1997) (which is 
included in this report as Appendix A). 


Data Collection Time Periods 


Three time periods within the 2-year deployment (September 1995 to October 1997) 
were selected for detailed analyses. These time periods were selected based on data 
requirements for numerical model development and validation. The parameters for 
selecting the time periods included: time periods when most or all the in situ gauges were 
functioning, storm conditions, near-continuous spring-neap tidal cycles, and data 
coincident with short-term data collection in the fall of 1997. 


20 February - 20 March 1996 


This period was selected because it included a major storm during 8-14 March. The 
storm’s peak on 11 March produced wave heights over 5 m, a storm surge of 0.5 m, and a 
wind speed of 17 m/sec. During this time period all the wave and water level gauges were 
working, except for one wave gauge on the ebb shoal that failed during the peak of the 
storm. The current meters were not operational. The main interest in this time period was 
in modeling the shoaling, refraction, and breaking of the storm waves. 
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Data from this period were used to test two Coastal and Hydraulics Laboratory 
numerical models at WES; ADCIRC and STWAVE. The ADCIRC (Advanced 
Circulation) model is a two- or three-dimensional (2- or 3-D) coastal circulation model, 
and the STWAVE (Steady-state Spectral Wave) model is a spectral wave model with 
wave-current interaction. These applications are discussed in Smith, Militello, and Smith 
(1998). 


1 July - 31 August 1996 


This period was selected to include two full spring-neap tidal cycles with all wave, 
water level, and current gauges operating. The period provided additional data for 
numerical model validation. During the 2-month period, a storm on 11 July had wave 
heights over 2.5 m, and three other events (on 17 July, 21 August, and 31 August) had 
wave heights exceeding | m. Winds exceeded 16 m/sec during the 17 July and 21 August 
events. The winds during these 2 months show a typical land and sea breeze pattern. 


1 August - 31 October 1997 


This period was selected to coincide with short-term measurements made at Ponce 
de Leon Inlet. The short-term measurements included current and bathymetry surveys 
over the ebb shoal, inlet throat, and in bay channels during neap tide (25-29 August) and 
spring tide (15-19 September) conditions. The short-term measurements also included a 
72-day deployment (21 August - 31 October 1997) of six additional wave and current 
gauges located in the inlet throat and in the bay to supplement the long-term wave, water 
level, and current measurements. Unfortunately, many of the long-term gauges were 
inoperable. During this time period there were three large wave events: 1.5-m waves on 
27 August, 2.3-m waves on 5 September, and waves exceeding 1 m during 8-18 October. 


Scope of Report 


The purpose of this report is to document the available data, document the data 
collection and processing procedures, and present examples of the long-term field data 
collected at Ponce de Leon Inlet. These data are currently being applied in CIRP analyses 
and modeling studies, and it is anticipated that they will continue to be used extensively in 
the future. Potential users include not only researchers in the CIRP and at WES, but also 
SAJ, the State of Florida, and others in industry and academia. 


Chapter 2 of this report discusses the types of data collected, the instruments used, and 
the processing procedures. Chapter 3 discusses examples of the data. Appendix A is a 
report on current measurements made at the inlet in August and September 1997. 
Appendix B presents selected aerial photos. 
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2 Instrumentation and Procedures 


The long-term comprehensive monitoring program consisted of multiple gauge sites 
to collect data on wave height, wave period, wave direction, water level, current 
velocity, and wind velocity. Additional data were provided through bathymetry 
surveys, sediment sample collection, and inlet monitoring with video imagery and 
aerial photography. 


Instrument Locations 


Figure 3 shows the locations of data collection gauges at Ponce de Leon Inlet. 
Wave gauges were at Sites A, B, and C; and current meters were at Sites B and C. 
Site A was north of the inlet in about 15 m of water in a region where the bathymetric 
contours are relatively straight and parallel to shore. This site was intended to 
measure the incident wave conditions. Site B was centered on the seaward face of the 
ebb shoal in about 7 m of water. Site C was in the outer inlet throat at about the 5-m 
depth. A stilling well water level gauge was at the Coast Guard Station at Site D. 
Pressure type water level gauges were at Sites E, F, and G. The wave gauges at Sites 
A, B, and C were also used to obtain water levels. Wind speed and direction, air 
temperature, relative humidity, and barometric pressure were measured at the 
meteorological station operated by the Battelle Institute at Site H. The data acquisition 
electronics were housed in a trailer located at Site J, which also had a barometer. The 
coordinates of these locations are given in Table 1. 


Data Collection System 


Data from the wave, water level, and current gauges were collected continuously (in 
real-time mode) and transmitted to WES in Vicksburg, MS, via the Internet for daily 
processing. Data from the ebb shoal and inlet throat pods, Sites B and C, were cabled 
directly to the data collection trailer (Site J). The north pod (Site A) was cabled to 
shore at the Battelle site (Site H). These data were sent to the data trailer via telephone 
line. The data from the pressure tide gauges at Sites E, F, and G were also transmitted 
to the data trailer via telephone line. Data from the tide gauge at the Coast Guard 
station (Site D) were radioed to the data trailer. The Ethernet network in the data 
trailer was connected to the Internet via a leased line to SAJ. The meteorological data 
from the Battelle site were separately transmitted to WES via telephone line. 
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Figure 3. Location of instruments 
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Table 1 
Gauge Locations 
29° 05.462 'N 80 ° 54.620' W DWGIINT1 


Ebb Shoal 29° 04.565' N 80 ° 53.902’ W 
ADCPEBB1 
Inlet Throat 29° 04.605’ N 80 ° 54.489' W 


| 0 | coosteves | avroazren | eovsesoow | vmusava 
| = | Rivernorn | aovosassn | sovsesszw | sprseavs 


29° 03.944' N 80 ° 56.322' W SPRSBAY2 
River South 29° 02.266' N 80 ° 54.299' W SPRSBAY3 


Battelle 29° 04.933' N 80 ° 55.581' W Meteorology 
Data Trailer 29° 03.868' N 80 ° 54.902' W 


The data were received by a WES computer located in the Prototype Measurement 
and Analysis Branch (PMAB), Coastal and Hydraulics Laboratory (CHL), using a 
standard data acquisition, analysis, and storage routine (McKinney and Howell 1996). 
The entire system was designed to operate automatically and to provide high 
reliability. Extensive automated checks were incorporated to determine if the system 
was operating normally. If a problem was detected, automated E-mail warning 
messages were sent. Furthermore, the status of various systems in the on-site data 
collection trailer could be queried from WES. For a further description of this system, 
see Howell (1996). 


Wave Measurements 


Continuous, long-term wave measurements were made from 1995 to 1997 using 
three DWGI's, a gauge developed by PMAB. Each gauge consisted of three 
Paroscientific Digiquartz piezo-electric (Paros) pressure sensors mounted on a trawler- 
resistant seafloor pod in an equilateral triangle distribution. These gauges performed 
limited onboard data processing, then transmitted the information to shore through a 
cable, which also supplied power to the systems. The DWGI is further described in 
Howell (1992). In all cases, pod orientation (necessary to determine wave direction) 
was determined by divers following deployment and checked during retrieval. 
Datasonic acoustic releasing transponders were used to assist in locating and recovering 
the equipment pods. 


The output wave parameters were derived from a two-dimensional (2-D) power density 


spectrum of the sea surface using spectral analysis of the sensors' output and linear wave 
theory. The raw DWG1 wave data were collected at 5 Hz for 1 hr (17,000+ data points 
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for each sensor). These were converted onboard to millimeters of seawater. After arrival 
at WES, the data were stored in a database. 


A copy of the data was then automatically put through a routine analysis procedure. 
The data were first decimated to 1 Hz, then truncated to the first 2,048 decimated data 
points. An edit routine checked for spikes and flat spots. The data were then converted to 
pressure (newtons per square meter), detrended, and demeaned. An auto- and cross- 
correlation matrix was produced using a Welch method to produce 31 data segments 
(50 percent overlapping segments of 128 points each). Thus, the frequency resolution for 
this analysis was 1/128 sec or 0.00781 Hz. A 10-percent cosine taper (window) was 
applied to each segment. The resulting 2-D spectrum was then surface corrected on a 
frequency-band by frequency-band basis using linear wave theory. This spectrum was 
truncated when the surface correction factor exceeded 100. Because the three gauge sites 
were at different depths, each had a different minimum cut-off period; approximately 
4 3 sec for the offshore gauge, 2.9 sec for the ebb shoal gauge, and 2.5 sec for the throat 
gauge. 


The co-spectrum was then integrated to obtain the wave height. The frequency band of 
the co-spectrum with the maximum energy was used to designate the peak period. The 
quad-spectrum was used to determine the wave direction of the peak frequency. These 
wave parameters are defined as follows (see Earle, McGehee, and Tubman (1995) for 
additional information): 


a. Zero Moment Wave Height (H,,.): Spectrally-derived wave height, in meters; 
equivalent to time-domain-derived significant wave height in deep water. 


b. Peak Wave Period (7,): Peak spectral period, in seconds; inverse of the frequency 
of the peak (highest energy) of the one-dimensional (1-D) power spectrum. 


c. Peak Wave Direction (D,): Peak spectral direction, in degrees clockwise from true 
north; mean direction from which energy is coming at the peak of the 1-D power 
spectrum. 


The time stamp associated with these products refers to the time at the beginning of the 
|-hr data record. 


During very low-energy wave conditions, while H,,. can be calculated, the calculation 
of other wave parameters is difficult, subject to greater relative error, and may be 
misleading. Therefore, wave period and direction calculations were omitted from the data 
set whenever the wave height dropped below a threshold of 0.2 m. 


Application of these wave parameters to engineering solutions requires judgement 
and understanding of their limitations. Critical decisions should take all available 
information, such as the directional spectra of the original measured time series, into 
account. However, heuristic rules of thumb have evolved among the wave measurement 
community that may be of assistance in utilizing these data. Reasonable assumptions for 
typical engineering applications with these data are that the uncertainty in significant wave 
height is on the order of 10 percent, and on the order of 10 deg for peak direction. 
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Uncertainty in peak period is affected more by resolution than measurement error. 
Peak period is the inverse of the center of the frequency band with the most total energy. 
This band, whose width is set by the analysis procedure, effectively averages energy from 
multiple discrete frequencies; and the true peak period could lie anywhere within that band. 
Conceivably, the spectrum could contain another discrete peak within another band that 
approaches, or even exceeds, the energy of any discrete frequency in the peak period band. 
Small variations in the values of these energies from hour to hour sometimes cause rapid 
changes in the reported peak period, particularly at low wave heights. 


Examples of these wave data are given in Chapter 3. Table 2 shows the months for 
which the wave gauges were operational. Files containing these wave data are avail- 
able on the World Wide Web at (http://sandbar.cerc.wes.army.mil/). Directional (2-D) 
wave spectral plots, which are not included in the examples shown in Chapter 3 or on the 
World Wide Web site, can also be obtained from the archived raw data. 


Table 2 
Wave Data Availability 


Evan] Feb | mar | apr | may | Jun | sut | aug | sep | oct | Nov | Dec! 
Pome ols la ee 
Offshore 
ee ae icles 
Ebb Shoal 
Fee it ol nal ana eo ela 
Inlet Throat 
ESRB Abes 
ems [LD ee 


DWG10TH1 
Inlet Throat 


DWGI1INT1 
DWG1EBB1 
Inlet Throat 


X indicates that a full or partial data set is available for that month. 


Water Level Measurements 


Water level was measured at four locations inside the inlet as shown in Figure 3. At 
three of these measurement stations (Sites E, F, and G), Paros pressure sensors were 
deployed; the same type of sensors as were used in the wave gauges. Each gauge was 
housed in a protective steel sleeve and attached to a piling. The fourth water level gauge 
was located at the Coast Guard Station just inside the inlet entrance (Site D). This gauge 
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was a Vitel Model WLS2 stilling well tide gauge with an air acoustic sensor to measure 
the water surface elevation. These four gauges were surveyed in and their vertical datums 
referenced to National Geodetic Vertical Datum (NGVD) 1929 as described in John E. 
Chance & Associates (1996). The inlet throat and ocean wave gauges were also used as 
tide gauges. However, these were not surveyed in. Instead, long-term average values were 
used as reference mean water levels as described in Howell (1996). 


The bay pressure gauges were sampled at a 1-Hz rate. Water levels were reported as 
6-min averages of these samples (360 data points). Measurements made between 1:00 and 
1:06 were reported as the 1:06 average. Water levels obtained from the six pressure 
gauges needed to be corrected for changes in atmospheric pressure. This adjustment was 
made by using another Paros pressure gauge housed in the data trailer as a barometer and 
subtracting out the air pressure. Table 3 shows the availability of the water level data. 
For the fully analyzed data, the elevations are available in meters relative to NGVD 1929 
(approximately mean sea level). 


The Paros gauges were calibrated before deployment. Their resolution is approxi- 
mately +2 mm, and their precision is on the order of +1 cm. Examples of the water level 
data from the three time periods of interest are given in Chapter 3. 


Current Measurements 


The current meters were RD Instruments broad band 1,200-kHz Acoustic Doppler 
Current Profilers (ADCPs). These instruments were mounted horizontally on the same 
pods as the DWGIs and were oriented upward-looking through the use of a nght angle 
head. Each shared a data and power cable with the wave sensors. For further information 
on this instrument, see the RD Instruments World Wide Web site (http://www.adcp.com/). 


The ADCPs divided the water column into a maximum of 13 vertical bins, each 0.5 m 
long, and computed velocities in each bin. As is typical with ADCPs, data collected at the 
top and bottom bins were not usable. The ADCPs sampled at 1 Hz. The samples were 
first decimated to 0.1 Hz, then averaged in 6-min intervals, then bins 3 through 5 were 
averaged together (creating a 6-min average of the velocity between 1.0 and 2.5 m above 
the bed). The east/west and north/south components of these 6-min averages were 
reported in meters per second (north and east directions are positive). The time stamp 
associated with each average refers to the time at the beginning of the average. 


Table 4 shows the availability of the current data. However, these data have recently 
been found to have a problem with the time code. This problem is under review, and thus, 
these data are not generally available for public release. 


Chapter 3 gives examples of these data. In addition, Appendix A contains a report of 
the ADCP current measurements made during the short-term experiment (August and 
September 1997). A neap tide current survey was conducted on 25-29 August, and a 
spring tide current survey was conducted 2 weeks later on 15-19 September 1997. 
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Table 3 
Water Level Data Availability 


Perro | ne oe [my [te | [i [eee | om [Joes 


‘ 
DWG1INT1 
DWG1EBB1 
DWG10TH1 
Inlet Throat 
VITLBAY3 
Coast Guard 


SPRSBAY1 
River North 


SPRSBAY2 
River West 


SPRSBAY3 
River South 


A indicates that a full or partial data set is available for that month. 
X indicates that a full or partial data set is available for that month, however, the data have not been 
elevation corrected to NGVD and have not had a final quality control check. 
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Table 4 
Current Data Availability 


een 
DWG1EBB1 
Ebb Shoal 
1995 
DWG10TH1 
Inlet Throat 
DWG1EBB1 
1996 
DWG10TH1 
DWG1EBB1 
Ebb Shoal 
1997 
DWG10TH1 
Inlet Throat 
X indicates that a full or partial data set is available for that month. 


Meteorological Measurements 


Wind speed and direction, air temperature, humidity, and barometric pressure were 
monitored at the Battelle site throughout the long-term data collection experiment. 
Barometric pressure was also measured at the data trailer. 


The Battelle wind gauge was an R. M. Young Model 05103-U swivel propeller gauge 
mounted at an elevation of 10 m. The station is located approximately 200 m landward of 
the shoreline. The intervening terrain contains three rows of sand dunes which reach a 
maximum height of approximately 3 m. The Battelle meteorological station used a Vaisala 
Model CS105 gauge to measure barometric pressure and a Vaisala HMP 35 gauge to 
measure air temperature and relative humidity. The data trailer barometric pressure gauge 
was a Paros sensor of the same type used in the wave and water level gauges. 


The Battelle gauges for the wind, barometric pressure, relative humidity, and air 
temperature were all sampled by the same method. One measurement for each parameter 
was obtained every 10 sec. These measurements were then averaged over an hour (with all 
data weighted equally), and this average hourly value was reported. Maximum wind gusts 
were also reported as the maximum 10-sec sample in the hour. The wind direction was a 
vector average of the direction the wind was coming from, measured clockwise from north. 

Measurements made between 1:00 and 2:00 were reported as the 1:00 average. If a data 
record had gaps, no average was reported for that hour. Gauges were calibrated yearly. 


Chapter 3 gives examples of these meteorological data and their availability are shown 
in Table 5. In this table, “wind” refers to average speed and direction, and maximum gust 
speed and direction; “temperature” refers to temperature and relative humidity. 
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X indicates that a full or partial data set is available for that month. 


Bathymetry 


Two rod and level beach profile surveys were conducted, one in September 1995, and 
the second in September 1996. During each survey, the same 33 profiles were measured 
north and south of the inlet. Profile lines were run from the State of Florida, Department 
of Environmental Quality, beach profile bench mark numbers R-121 to R-176, Volusia 
County. Profiles near the inlet (R-139 to R-148 and R-150 to R-160) were run at every 
bench mark. Further north (R-121 to R-136) and south (R-164 to R-176) of the inlet, 
every third bench mark was used. All profile lines ran north 60 deg east from the bench 
marks. Most profiles started at the bench mark and extended out to approximately 2 m 
depth. 


Bathymetry throughout the inlet, back bays, beaches, and ocean was obtained during 
four SHOALS surveys, in July 1994, September 1995, September-October 1996, and 
December 1997. The SHOALS system consists of a helicopter-mounted laser that rapidly 
obtains above- and below-water vertical elevations using differential Global Positioning 
System (GPS) for horizontal control. The SHOALS Airborme Lidar Hydrographic Survey 
System is described in more detail in Irish, Lillycrop, and Parsons (1996) and Lillycrop, 
Parsons, and Irish (1996). See also the World Wide Web site (http://bigfoot.wes.army. 
mil/6022 html). The July 1994, Ponce de Leon SHOALS survey data are discussed in 
Irish, Parsons, and Lillycrop (1995) and Stauble (1998). 


Sediment Collection 


A set of 105 sediment samples was collected at Ponce de Leon Inlet from 
18-22 September 1995. (A second set of 106 samples collected from 
15-18 September 1997, at similar locations, has not been analyzed). Differential 
GPS was used to locate surface grab samples, which were collected by boat with a 
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bucket dredge on the ebb and flood shoals and in the inlet throat. Surface grab 
samples were collected with a hand-held scoop on both the updrift and downdrift 
beaches and on some of the exposed flood deltas. These samples represent the 
present-day surface sediment distribution. Several patterns of sampling were 
applied, depending on the area of the inlet. 


On the ebb shoal a radial pattern was sampled extending from the throat 
seaward over the back face, crest, and front face of the shoal on five radial lines for 
a total of 28 samples. Figure 70 and Table 7 (see Chapter 3, p. 58 "Sediment 
Results" Section) use the same notation presented in the following station 
descriptions. Line N (north transect) and Line NE (northeast transect) both had 
three samples. Line CL (the center line of the inlet channel) and Line SE 
(southeast transect) both had seven samples. Line S (south transect) had five 
samples. Three samples were also collected on a line parallel to the north jetty 
(NJ 1 to 3) to characterize the nearshore shelf sediment north of the jetty and ebb 
shoal. Three samples were taken on each of four transect lines across the inlet 
throat for a total of 12 samples. These channel samples were designated CH Al 
through D3. Samples were collected in two environments at the flood shoal. Four 
samples were collected in each of three deeper flood tidal channels, which are for 
navigation into the Halifax River Lagoon to the north (NFC), Rockhouse Creek in 
the center (CFC), and in the Indian River North Lagoon, to the south (SFC). Five 
samples were collected on the two roughly triangular shaped flood tidal shoals, 
which were exposed at low tide and were designated as the north flood shoal 
(NFS) and south flood shoal (SFS). Twelve samples were collected in the flood 
channels and ten on the flood shoals. Inlet-adjacent beaches were also sampled 
along Florida Department of Environmental Protection profile lines, at the high- 
tide (HT), mid-tide (MT), low-tide (LT), and nearshore (OS) located approxi- 
mately 61 to 76 m (200 to 250 ft) seaward of the mid-tide sample at time of low 
tide. Four profiles were located up to 1,829 m (6,000 ft) north of the inlet (R142 
to R148) and six lines (R150 to R160) were located up to 3,048 m (10,000 ft) to 
the south. 


Four additional beach samples were collected at the mid-tide location at sites 
south of the inlet: at R176 in New Smyrna Beach 6.9 km (11 miles) south of the 
inlet, at two sites at Bethune Beach 14.5 and 16.1 km (23.2 and 25.8 miles) south 
of the inlet, and at Canaveral National Seashore 30.6 km (49 miles) south of the 
inlet. 


Visual Imaging 


Six video cameras were set up on top of the Inlets Condominium just south of the inlet 
in positions that had clear views of the north and south coasts, the inlet, and the flood and 
ebb shoals. The cameras operated for most of the days between 28 February and 
13 August 1996, when a presumed lighting strike destroyed some of the electrical 
components. During daylight hours the cameras were operated sequentially with each 
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camera capturing one 6-min time-averaged video every hour. These images highlighted 
regions of significant wave breaking as bands of white. This imaging was of interest in 
determining regions of substantial wave energy dissipation to infer locations of substantial 
sediment transport. Control points in the video images along with camera locations have 
been surveyed in as discussed in Wood (1996a) and Wood (1996b). The video images 
have not yet been rectified or analyzed. 


Five sets of aerial photographs were obtained during this study. All but the last were 
recorded as digital images. An index to these photo sets is given in Table 6. Examples of 
these images are shown in Appendix B. A source for a listing of older aerial photos of 
Ponce de Leon Inlet is included in Barwis (1975). 


Table 6 
Aerial Photography Sets 


No. of Photos Coverage 


Spacecoast Micro Map Corp. 
P.O. Box 6484 
9/20/95 Titusville FL 32782 29 Inlet, north and south beach 
407-383-0405 


3/21/96 Spacecoast Micro Map Corp. North beach 
8/24/96 Spacecoast Micro Map Corp. North beach and flood shoal 


9/24/96 Spacecoast Micro Map Corp. ee oo aan sere 


Aerial Cartographics of America, Inc. 
1722 W. Oak Ridge Road 
9/10/97 Orlando, FL 32809 3 Inlet and shoals 
407-851-7880 


22 
5 
1 
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3 Example Results and 
Discussion 


This chapter provides example results and discussion of the wave, water level, current, 
and wind data collected in the three time periods (February-March 1996, July-August 
1996, and August-October 1997). Plots of most of these data are shown. This chapter 
also includes a discussion of the sediment data collected in September 1995. 


Wave Results 


Wave height, period, and direction parameters are of interest for navigation safety and 
predicting sediment transport rates. Analyzed wave measurements are presented in plots 
of wave height, period, and direction at the offshore, ebb shoal, and inlet throat gauges 
(Sites A, B, and C, respectively, in Figure 3). Discussion of the measurements is arranged 
by wave parameter. 


Wave height 


Zero-moment wave heights for the offshore, ebb shoal, and inlet throat gauges for 
20 February to 20 March 1996 are shown in Figures 4-6. The July 1996 data are shown 
in Figures 7-9; and the August 1996 data are shown in Figures 10-12. In the fall of 1997, 
only the ebb shoal wave gauge was operational. The ebb shoal wave heights for August, 
September, and October 1997 are given in Figures 13-15. The maximum wave height 
measured during the three time periods was 5.4 m at the offshore gauge on 11 March 1996 
(Figure 4). 


In general, the wave heights increase 20 to 30 percent between the offshore and ebb 
shoal gauges due to shoaling and refraction as the waves transform from a region of 
parallel contours and 15-m depth to the outer portion of the ebb shoal at a depth of 7 m. 
Between the ebb shoal gauge and inlet throat gauge at a depth of 5 m, the wave height 
generally decreases 10 to 20 percent due to wave focusing on the ebb shoal (south of the 
throat gauge). Wave height at the inlet throat gauge, and to a lesser degree at the ebb 
shoal gauge, increases at low tide due to greater wave shoaling. During high wave events, 
such as the peak of the March 1996 storm, this trend is reversed due to depth-limited wave 
breaking and the wave height is higher at high tide and lower at low tide (Figures 4-6). 
Wave height modulation of up to 1 m occurs at the inlet throat gauge, due to the tide. 
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During the peak of the 5.4-m wave event in March 1996, the waves were depth limited 
across the entire ebb shoal and near-inlet region. The height decreased 20 percent between 
the offshore and ebb shoal gauges and an additional 40 percent between the ebb shoal and 
inlet throat gauges at the peak of the event. This storm was numerically modeled for 
validation of wave and circulation models by Smith, Militello, and Smith (1998). In the 
6 months of analysis, there are five events with wave heights exceeding 2 m. Some of 
these events are short in duration (e.g., the 5 September 1997 event, with a peak height of 
2.3 m, exceeded | m in height for 3 days (Figure 14)). Others are much longer (e.g., the 
11 October 1997 event, with a peak height of 2 m, exceeded 1 m in height for 11 days 
(Figure 15)). As expected, the large wave events are highly correlated to strong local 
winds. 


Wave period 


Peak wave periods from the three gauges for the three time periods are shown in 
Figures 16-27. The measured periods ranged from 3 to 21 sec. Generally, the peak 
periods are consistent from gauge to gauge for each time period and vary slowly with time. 
However, the difference in wave period between two gauges or between 2 hr at one gauge 
may vary by as much as 5 sec. These large variations typically occur at times when there 
are multiple frequency peaks in the spectra. This is evident in the frequency spectra for 
28 August 1996 at 1800 Greenwich Mean Time (GMT), shown in Figure 28. The lower 
frequency peak (16-sec period) dominates at the offshore gauge, and the low-frequency 
peak becomes larger at the ebb shoal gauge due to shoaling and remains dominate. In the 
outer inlet throat, the higher frequency peak (9-sec period) dominates, due to refraction and 
possibly sheltering by the north jetty. Jumps in the peak period also occur at times with 
very low wave energy. Also, the high-frequency cutoff is different at each gauge because 
of the different water depths. 


Wave direction 


Peak wave directions from the three gauges for the three time periods are shown in 
Figures 29-40. The figures give the peak spectral direction from which the waves 
propagate, relative to true north. The wave direction normal to offshore depth contours at 
Ponce de Leon Inlet is about 60 deg. The average wave direction for the 6 months of data 
was approximately 70 deg. Most of the large wave events have north or northeast wave 
directions. At the offshore and ebb shoal gauges, the wave direction often varies by 5 to 
10 deg from hour to hour. The variability at the inlet throat gauge is higher with hour-to- 
hour oscillations of 10 to 20 deg. Greater variability in wave direction (similar to the 
variability in wave period) is seen in some cases with multiple wave trains or cases with 
very low wave energy. 


Chapter 3 Example Results and Discussion 


Ua 


Offshore 


| 96/Sz/e 


QG/ET/E 


7 96/LZ/E 


+ 96/6 L/E 


+ 


+ 96/LL/E 


I 96/SL/E 


+ 96/EL/E 


+ 96/LL/E 


| 96/6/E 


7 96/L/E 


7 96/S/E 


+ 96/E/E 


+ 96/L/e 
{ 96/82/Z 


I 96/92/Z 
IL 
+ 96/Pz/Z 


7 96/27/2 


+ 96/02/Z 
° 


Date 


Zero-moment wave height at the offshore gauge for 20 February - 


20 March 1996 


Figure 4. 


Ebb Shoal 


+ 96/SZ/E 
At 


+ 96/ET/E 


+ 9B/LZ/E 


+ 96/6 L/E 


7 Q6/LL/E 


+ 96/SL/€ 


+ 9G6/EL/E 


+ 96/LL/E 


7 96/6/E 


7 96/L/E 


+ 96/S/E 


+ 96/E/E 


+ 96/L/E 


+ 


1, 96/872/Z 
i 96/92/2 


+ 96/P7/Z 


+ 96/27/Z 


+ 96/02/Z 
° 


Date 


Zero-moment wave height at the ebb shoal gauge for 20 February - 


20 March 1996 


Figure 5. 


Chapter 3 Example Results and Discussion 


18 


Throat 


+ 96/SZ/E 


+ 96/E7/E 


+ 96/LZ/E 


+ 96/6L/E 


+ 96/LL/E 


+ 96/SL/E 


+ Q6/EL/E 


db 


7 96/LL/E 


7 96/6/E 
al 
+ 96/L/E 


+ 96/S/E 


+ 96/E/E 


+ 96/L/E 

I 96/82/~ 
+ 96/97/2 
+ 96/72/e 


+ 96/22/~ 


+ 96/02/Z 
° 


Date 


Zero-moment wave height at the inlet throat gauge for 20 February - 20 


March 1996 


Figure 6. 


Offshore 


pp 


7 96/LE/L 
+ 96/62/2 
+ 96/ZZ/L 
+ 96/SZ/L 
7 96/ET/L 
+ 96/L2/2 
+ 96/6 L/L 
+ QBIZL/L 
I Q6/SL/Z 
+ Q6/EL/L 
i 96/b 1/2 
+ 96/6/Z 


+ 


+ 96/Z/Z 


96/S/Z 


+ 96/E/Z 


25 4 


Che. 


+ 9B/L/L 
° 


Date 


Zero-moment wave height at the offshore gauge for July 1996 


Figure 7. 


19 


Chapter 3 Example Results and Discussion 


Ebb Shoal 


+ 96/LE/Z 


+ 96/67/2 


+ 96/Z2/2 


96/S2/L 


+ 96/E?/L 


+ 96/b2/2 


96/6 1/2 


Q6/LL/2 


Q96/SL/Z 


Q6/EL/L 


; 9B/L L/L 


| Q6/6/Z 


96/L/Z 


96/S/Z 


96/E/2 


| 96/L/Z 


Date 


Zero-moment wave height at the ebb shoal gauge for July 1996 


Figure 8. 


Throat 


25 | 


+ 96/6C/L 


+ 


96/LE/Z 


96/Z2/2 


96/S2/2 


- 96/EC/L 


96/L 2/2 


96/6 1/2 


7 Q6/Zb/L 


| 96/SLIL 


- 9B/EL/L 


96/E 1/2 


| 96/6/Z 


| Q6ILIL 


» 96/S/L 


~ 96/E/L 


96/L/2 


Date 


Zero-moment wave height at the inlet throat gauge for July 1996 


Figure 9. 


Chapter 3 Example Results and Discussion 


20 


Offshore 


| 


Tey, ¥. 


+ 96/LE/8 


+ 96/62/8 


96/Z2/8 


96/SZ/8 


+ 96/E7/8 


+ 96/12/8 


+ 96/6 1/8 


+ 96/L1/8 


+ 96/SL/8 


7 96/EL/8 


7 96/LL/8 


+ 96/6/8 


7 96/2/8 


+ 96/S/8 


+ 96/E/8 


1.4 5 


24 
1 


065 


0.4 


02 | 


+ 96/1/8 
° 


Date 


Figure 10. Zero-moment wave height at the offshore gauge for August 1996 
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Figure 12. Zero-moment wave height at the inlet throat gauge for August 1996 


Ebb Shoal 


0.2 4 


oO 


L6/LE/8 


L6/6Z/8 


L6/L2/8 


L6/S2/8 


L6/E7/B 


L6/L2/8 


L6/61/8 


LE/LL/8 


L6/SL/8 


LE/EL/8 


LZ6/L 1/8 


L6/6/8 


L6/L/8 


26/S/8 


L6/E/8 


Z6/L/8 


Date 


Zero-moment wave height at the ebb shoal gauge for August 1997 


Figure 13. 


Chapter 3 Example Results and Discussion 


22 


@ 
ie) 
£ 
”n 
2 
fe} 
WwW 


+ L6/6Z/6 
I LGILZ/6 
| L6ISZI6 
AL 

+ L6/€Z/6 
+ L6/12/6 
+ LEI6LIG 
+ LILVIG 
+ 16/SLI6 
+ LIELIG 
+ LEILLG 
+ 16/6/16 
+ LGILIG 
+ LEISIG 


+ L6/€/6 
| 


2.5 


+ L6/L/E 
° 


Date 


Zero-moment wave height at the ebb shoal gauge for September 1997 


Figure 14. 


Ebb Shoal 


+ L6/LE/OL 


+ L6/6Z/OL 


7 L6/ZZ/OL 


+ L6/SZ/OlL 


+ L6/EZ/OL 


7 L6/L2/0L 


+ L6IGL/OL 


+ LEIZL/OL 


+ L6/SH/OL 


7 L6/EL/OL 


7 L6/LL/OL 


+ L6/6/0L 


+ L6/LIOL 


+ L6/S/OL 


7 L6/E/OL 


2.5 


+ LE/L/OL 
° 


Date 


Zero-moment wave height at the ebb shoal gauge for October 1997 


Figure 15. 


23 


Chapter 3 Example Results and Discussion 


Offshore 


| 


Peak wave period at the offshore gauge for 20 February - 20 March 1996 


+ 


1 


1 


96/SZ/E 


- 9B/EZ/E 
96/LZ/E 


+ 96/6 L/E 


Q6/LL/E 


+ 96/SL/E 
+ 96/EL/E 
~ 96/LL/E 


- 96/6/E 


96/L/E 


96/S/E 


96/E/E 


+ 96/L/E 


96/8Z/2 


96/97/Z 


96/7 T/Z 


96/27/Z 


96/02/2 


Date 


Figure 16. 


16 +— 


Ebb Shoal 


14 | 


12 - 


+ 96/SZ/E 


Q6/ET/E 


+ 96/LZ/E 


96/6 L/E 


7 QBIZL/E 


96/SL/E 


QB/EL/E 


96/L L/E 


96/6/E 


96/L/E 


96/S/E 


Q6/E/E 


96/L/E 


96/82/Z 


96/92/72 


96/7 2/2 


96/Z7/7 


* 96/0C/Z 


Date 


Peak wave period at the ebb shoal gauge for 20 February - 20 March 


1996 


Figure 17. 


Chapter 3 Example Results and Discussion 


24 


Throat 


+ geszie 
| geezie 
+ gevtze 
+ 9e/6L/e 
+ ge/zLe 


7 96/SL/E 


7 YB/EL/E 


n 


- 96/LL/E 
| 96/6/E 
+ 96/L/E 
+ 96/S/E 
7 96/E/E 
+ 96/L/E 
+ 96/82/72 
+ 96/92/7 


+ 96/2/2 


+ 96/2z/~ 


16 


14 5 


+ 96/02/Z 
° 


Date 


Peak wave period at the inlet throat gauge for 20 February - 20 March 


1996 


Figure 18. 


Offshore 


| 96/LE/Z 
- 96/67/L 
+ 96/L7/2 
96/S2/Z 
+ 96/E7/L 
96/L-2/2 
if 96/6 1/2 
7 Q6/Zb/2 
+ 96/SL/Z 
+ 96/EL/Z 
7 96/EL/Z 
+ 96/6/Z 
+ 96/Z/Z 


+ 96/S/Z 


+ 96/E/Z 


+ 96/L/Z 


25 


20 5 


oO 


Date 


Peak wave period at the offshore gauge for July 1996 


Figure 19. 


25 


Chapter 3 Example Results and Discussion 


Ebb Shoal 


7 96/LE/Z 


+ 96/67/L 


ab 


+ 96/LZ2/2 


+ 96/S2/2 


+ 96/EC/L 


+ 96/L2/2 


+ 96/6 L/Z 


+ Q6/ZL/Z 


7 96/SL/Z 


7 96/EL/2 


7 96/bL/2 


7 96/6/Z 


+ 96/L/Z 


+ 96/S/Z 


+ 96/E/L 


25 


20 5 


96/1 /2 
° 


Date 


Figure 20. Peak wave period at the ebb shoal gauge for July 1996 
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Figure 28. Frequency spectra measured at the offshore, ebb shoal, and inlet throat 


wave gauges on 28 August 1996 at 1800 hr GMT 
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Water Level Results 


Water level data were collected at 6-min intervals at seven sites in the region of 
Ponce de Leon Inlet. Two sites, offshore (DWGIINT1) and ebb shoal (DWGI1EBB1), 
were located in the coastal ocean; one site was located in the outer throat of the inlet 
(DWG10TH1); and four sites, river north (SPRSBAY 1), river west (SPRSBAY2), river 
south (SPRSBAY3), and Coast Guard station (VITLBAY3), were located in the back bay 
(see Figure 3 and Table 1). The regional coverage provides information on the tide wave 
and storm surge as they propagate through the inlet and into the back-bay channels. The 
data coverage also allows for hydrodynamic model calibration in the vicinity of the inlet. 
These data are plotted in Figures 41-53. 


Figures 41-43 show the water levels offshore, at the ebb shoal, and at the inlet throat 
for the time period 7-19 March 1996 (Julian days 67-79). A storm passed through the 
study site during this time and elevated the water level for approximately 3 days (Julian 
days 71-73). The increase in coastal ocean water level was approximately 0.3 m. In the 
back bay, the superelevation was approximately twice that amount at 0.6 - 0.7 m 
(Figures 44-47). 


The storm that passed through the study area on 12 July 1996 (Julian Day 194) 
elevated the ocean water level by approximately 0.3 m (Figures 48-50), whereas in the 
back bay the water rose approximately 0.4 m above the pre-storm water level (Figures 51- 
53). The July/August data also provide information on the variation of the tidal range over 
a spring-neap cycle. During the neap tide, the tidal range is approximately 0.7 m, whereas 
during the spring tide, the tidal range is approximately 1.3 m. The monthly variation in 
water level is expected to induce corresponding changes in current velocity in the inlet 
throat. 


Chapter 3 Example Results and Discussion 


37 


38 


Water Level, m (MSL) 


Julian Day, 1996 
Figure 41. Water level at offshore gauge for 7 March (JD 67) - 19 March 1996 
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Julian Day, 1996 
Figure 42. Water level at ebb shoal gauge for 7 March (JD 67) - 19 March 1996 
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Figure 43. Water level at inlet throat gauge for 7 March (JD 67) - 19 March 1996 
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Figure 44. Water level at river north gauge for 7 March (JD 67) - 19 March 1996 
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Figure 45. Water level at river west gauge for 7 March (JD 67) - 19 March 1996 
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Figure 46. Water level at river south gauge for 7 March (JD 67) - 19 March 1996 
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Figure 47. Water level at Coast Guard station gauge for 7 March (JD 67) - 19 March 1996 
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Figure 48. Water level at offshore gauge for 3 July (JD 185) - 31 August 1996 
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Figure 50. 
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Figure 51. 
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Figure 52. Water level at river west gauge for 3 July (JD 185) - 31 August 1996 
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igure 53. Water level at river south gauge for 3 July (JD 185) - 31 August 1996 
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Current Results 


Currents were measured in the inlet throat and on the outer edge of the ebb shoal, at 
Sites B and C (see Figure 3). During the three periods of interest, current data were only 
available for July and August 1996. The north/south and east/west components of these 
currents are shown in Figures 54-57. Positive values indicate north and east for each 
component. During the 12 July storm (Julian Day 195), the north-south component of the 
current at the inlet gauge (Figure 54) flowed southward, indicating the wind and 
wave-driven alongshore current for about 2 days. During a typical tidal cycle, peak inlet 
throat currents reached approximately 0.8 m/sec, but current speed was measured as 
strong as 1.3 m/sec during the spring tide on 29 August (Julian Day 242, Figure 55). In 
general, the currents at this location exhibit ebb dominance. 


Currents measured at the ebb shoal gauge are reduced in magnitude as compared with 
those measured at the inlet throat. In addition, on the ebb shoal, the north-south and 
east-west components are generally of equal magnitude; whereas in the inlet throat, the 
current was directed predominantly along an east-west axis (aligned with the inlet). 
During the storm of 12 July (Julian Day 195), the ebb shoal data showed a strong current 
reaching 1.2 m/sec toward the south and comparatively unorganized current motion in the 
east-west component (Figure 56). This signal indicates a strong southward wave-driven 
flow that dominated the current and suppressed the tidal current through the inlet. Two 
other south flowing events occurred in August (Figure 57). 
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Figure 56. Current at ebb shoal gauge for 5 July (JD 188) - 1 August 1996 
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Wind Results 


Wind measurements are of interest at coastal inlets because the winds can force 
longshore and cross-shore currents, storm surge, local wave generation, and wind-blown 
sand transport. Plots of the measured wind speed at the Battelle gauge (Site H in 
Figure 3) for the months of February/March 1996, July 1996, August 1996, August 1997, 
September 1997, and October 1997 are given in Figures 58-63; and directions for the 
same months are given in Figures 64-69. In the March 1996 wind speed plot (Figure 58), 
the most prominent feature is the high winds associated with the storm event that peaks 
on 11 March. The wind speed peaks early on 11 March at 16 m/sec and then peaks again 
22 hr later at 17 m/sec. During the 11 March storm, strong winds from the north were 
sustained over 3 days, which generated 5.4-m waves. In July and August 1996, the 
maximum wind speeds measured were 8 m/sec (Figures 59 and 60). An event on 11 July 
had winds from the north, and an event on 21 August had east-northeast winds over a 
5-day period (Figures 65 and 66). 


The wind speed has a strong 24-hr cycle, with the maximum wind speed typically 
occurring between 1700 and 2100 GMT (1200-1600 Eastern Standard Time (EST), 
1300-1700 Eastern Daylight Time (EDT)) and the minimum wind speed occurring 
between 0500 and 0900 GMT (0000-0400 EST, 0100-0500 EDT). During this daily 
cycle, the maximum winds typically blow onshore and the minimum winds blow 
offshore. This is a typical sea breeze and land breeze cycle caused by the warming of the 
land during the day and cooling at night. The diumal shift in direction is shown in the 
wind direction plots (Figures 64-69). 
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Figure 58. Wind speed at the Battelle site for 20 February - 20 March 1996 
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Figure 59. Wind speed at the Battelle site for July 1996 
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Figure 60. Wind speed at the Battelle site for August 1996 
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Figure 62. Wind speed at the Battelle site for September 1997 
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Figure 63. Wind speed at the Battelle site for October 1997 
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Figure 64. Wind direction at the Battelle site for 20 February - 20 March 1996 
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Figure 65. Wind direction at the Battelle site for July 1996 
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Figure 66. Wind direction at the Battelle site for August 1996 
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Wind direction at the Battelle site for August 1997 
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Sediment Results 


All samples were sieved at quarter-phi (%4 @) intervals. Sediment statistics were 
calculated using the method of moments (Friedman and Sanders 1978). Mean 
(the average grain size) and standard deviation (a measure of uniformity or sorting 
of the sediment) values were calculated for each sediment sample. Ponce de Leon 
Inlet had a narrow range of mean grain sizes, most centered in the fine sand range, 
with little shell and no gravel size components. Most of these samples were well 
sorted and the mean and median were similar. Only the few coarser sand samples 
generally had poorer sorting. Samples from the flood and ebb shoals were 
relatively finer than the throat and flood channels, and most of the beach samples. 
For the flood and ebb shoals, the average mean grain size was around 0.15 mm 
(2.70 o), for the throat and flood channels and beaches, around 0.18 mm (2.45 g). 
A few low tide samples and the south flood channel (SFC3) sample contained 
shells and shell fragments and were substantially coarser (up to 0.42 mm, 1.26 g). 
Figure 70 shows the sample locations. Table 7 lists data on sample location and 
sediment statistics. Further details on sediment analysis can be found in Stauble 
and Cialone (1997). 
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Appendix A 

Velocity and Discharge 
Measurements at Ponce de Leon 
Inlet, Florida 


This appendix contains a revised copy of a memorandum for record dated 26 January 
1998, regarding velocity and discharge measurements at Ponce de Leon Inlet, FL. 


Introduction 


Short-term field measurements were conducted at Ponce De Leon Inlet, FL, to support 
the Inlet Modeling System work unit for development and validation of the circulation and 
wave model. The subject field investigation, which consisted of two 1-week Acoustic 
Doppler Current Profiler (ADCP) surveys during the periods 25-29 August 1997 and 
15-19 September 1997, was conducted by the staff of the Coastal and Hydraulics 
Laboratory (CHL) at the U.S. Army Engineer Waterways Experiment Station. Results 
from these activities are discussed herein. Additional information was obtained from 
several sources. A 2-month deployment of six in situ pressure and two-component velocity 
gauges (PUV’s) was conducted by Florida Institute of Technology. The SHOALS team 
performed a high-resolution bathymetric survey. Aerial photographs were taken by Aerial 
Cartographics of America, Inc. of Orlando, FL: Dr. Donald Stauble obtained sediment 
samples from the interior and exterior of the inlet. Finally, meteorological data were 
obtained from the Battelle Paint Test Facility adjacent to the inlet. 


The ADCP and bathymetric data surveys were conducted by Messrs. Howard Benson, 
Thad Pratt, and Terry Waller, CHL. Other participants in the surveys from CHL included 


Ms. Adele Militello and Dr. Jane Smith. The boat and boat operator were supplied by 
DIMCO, Inc. 


Bathymetric Survey and Tide Data 


The bathymetric data collected during this effort were not comprehensive and, 
therefore, do not represent a full bathymetric survey. The bathymetric data were mainly 
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A2 


collected along each of the ADCP transect lines. The areas in which these transect lines 
were located include the north and south bays, the Intracoastal Waterway (ICWW), the 
inlet, and on the ebb shoal. Additional bathymetric data were collected between each of 
the inlet transect lines, many of the north and south bay transect lines, along depth 
contours in the inlet and ebb shoal, and along the center lines of the bay and inlet channels. 
These data were collected to aid in the interpretation of the ADCP results, as well as 
provide information for updating the 1996 SHOALS survey in designated critical areas. 
The constant presence of swells, particularly in the area of the ebb shoal, made for poor 
surveying conditions. As a result, the depth soundings recorded the up and down 
movement of the boat and gave the appearance of sand waves forming on the shoal. The 
bathymetric data were collected concurrent with the ADCP data collection using a 
200-kHz Echotrac fathometer. 


These data were corrected to National Geodetic Vertical Datum using information from 
CHL’s Prototype Measurement and Analysis Branch (PMAB) water-level gauges. Time- 
history plots of the tide data from one of the PMAB water-level gauges during the two 
ADCP and bathymetric survey periods (August and September) are shown in Plates Al 
and A2. The PMAB water-level gauge located near the Coast Guard Station in the south 
bay area was used due to its relative proximity to the inlet. Data are plotted in Eastern 
Standard Time (EST) for correlation with the ADCP data. The maximum neap tide range 
during the week of 25 August was 1.05 m. The maximum spring tide range during the 
week of 15 September was 1.35 m. 


ADCP Surveys 


ADCP surveys were performed to measure the current distributions (variations across 
the channel and through the vertical) and discharges in the inlet system. These roving 
measurements provide a means for obtaining comprehensive information on the spatial 
variability throughout the inlet system, unlike the more limited in situ gauges (tide and 
PUV), which provide data on the temporal variability at only a few locations. The two 
1-week ADCP surveys were conducted during 25-29 August and 15-19 September. These 
dates coincided with periods of neap and spring tide conditions, respectively. 


An RD Instruments Broadband ADCP was used to obtain the velocity magnitude and 
direction profiles for each transect. This instrument uses a 1,200-kHz operating 
frequency. The equipment is mounted over the side of the boat with the acoustic 
transducers submerged and data are collected while the vessel is under way. 


The ADCP transmits sound bursts into the water column which are scattered back to 
the instrument by particulate matter suspended in the flowing water. The ADCP listens 
for the returning signal and assigns velocity to the received signal based on the change in 
the frequency caused by the moving particles. This change in frequency is referred to as a 
Doppler shift. The ADCP is also capable of measuring vessel direction, current direction, 
and bottom depth. Communications with the instrument for setup and data recording are 
performed with a portable computer using manufacturer-supplied software, hardware, and 
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communication cables. The manufacturer-stated accuracy for current speed measurement 
is+ 0.2 cm/sec. 


The data collection boat was outfitted with a Global Positioning System (GPS) receiver 
antenna. U.S. Coast Guard GPS transmitter beacons, positioned at various locations 
along the Florida coast, provided differential GPS positioning for a higher level of 
accuracy during the data collection. The outputs from these instruments were interfaced to 
a laptop computer using a hydrographic surveying software system known as HYPACK. 
This combination permitted accurate logging of location from a known GPS starting 
coordinate at each velocity profile transect. The data collection boat traversed the transect 
line at a slow constant speed (approximately 4-7 km/hr) to obtain the best possible spatial 
coverage. 


The data collection transect lines throughout the study area were located to provide the 
best information to support the modeling effort. However, certain field conditions were 
encountered, such as shallow flats, marshes, and shoal migration near the inlet, that 
necessitated transect line locations be moved, shortened, or lengthened in order to obtain 
the full discharge and flow patterns within the cross sections. 


Neap Tide Data Collection 


Plate A3 illustrates the location of the areas monitored for the data collection effort 
during trip one. During this first survey, a priority was placed on the collection of 
bathymetric information, as well as the ADCP data. Therefore, the first day's effort 
covered numerous transect lines in the bay areas. Table Al summarizes the ADCP data 
collected on 25 August 1997. It contains line numbers, times (EST), and discharges for 
the areas in the south bay, north bay, and ICWW. Direction of the total discharge flow 
listed in this table is presented as flood or ebb flow and indicated by + and -, respectively. 
Except for the summary table of the intensive surveys, the tables and Plates summarizing 
the data collection are presented in chronological order and not in order of line number. 
Chronological order presentation of the data was selected because the transects were not 
monitored by sequential line number order. Plates A4-A7 present the depth-averaged 
velocity vector plots for data collected on 25 August. The integration of the GPS 
coordinates for each vertical profile along the transect line accurately defines the location 
of the velocity vector data shown in the Plates. Transect lines with velocity vectors that do 
not plot from bank to bank indicate that either bank movement or shallow water areas were 
encountered during the data collection. For the purposes of data presentation, the arrow 
shows flow direction and the velocity magnitude is indicated by the adjacent number. All 
the Plates showing velocity vectors are plotted at the same scale. The Plates for each day 
are in order of time. 


The intensive ADCP survey of the inlet area was conducted on 26 August. The 
discharge data are summarizeqin Table A2, but are not plotted. Table A3 presents a 
summarizes of the 27 August data collection effort, which was concentrated in the north 
bay and the ICWW areas during ebb flow conditions. Depth-averaged velocity vector data 
for the transects in these areas are shown in Plates A8-A12. Bathymetric and ADCP data 
were collected on the ebb shoal on 28 August. The ADCP discharges for this area are 
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summarized in Table A4 and the depth-averaged velocity vectors are plotted in 
Plates Al3-A16. Data collected in the south bay area on 29 August are summarized in 
Table A5 and plotted in Plates A17-A20. 


The following is a detailed daily summary of the data collection effort conducted in the 
respective areas during this first trip (neap tide). 


Inlet surveys 


On 26 August an intensive data collection effort was conducted. ADCP transect lines 
1-9 (shown in Plate A21) in the inlet were repeated at approximately 1-hr increments over 
a 12-hr period. (Note: Inlet transect lines 1-9 differ from transect lines 1-9 in the bay 
area.) The transect lines began at the north jetty and ran to the south. Each set of 
transects required approximately 30-45 min to complete. Waves in the outer portions of 
the inlet were generally 1 m high with short periods; however, conditions deteriorated 
during periods of ebb flow. Data collection efforts at the most seaward transect line (7), 
which ran between the seaward ends of the jetties, were hampered by the high wave 
conditions and only a few hours of data were obtained at this location. The waves in the 
inner inlet area were significantly smaller and more conducive to longer periods of data 
collection. Data collected at transect lines 8 and 9 occurred near the time of the peak flood 
currents and captured the division of flow between the north and south portions of the bay, 
respectively. Hourly results of the intensive survey are summarized in Table A2. 


Ebb shoal surveys 


ADCP transect lines 69 and 77-84 (in the ebb shoal area) were monitored on 
28 August. Morning measurements at these transects were made under ebb flow 
conditions and the afternoon measurements were made under flood flow conditions. These 
transect lines were up to 3.0 km long, requiring approximately 4 hr to conduct each set of 
transects. During the morning survey, transect line 80 had to be shortened due to breaking 
waves on the shoal. The offshore waves were 1.2 m in height with periods of 7-8 sec, and 
winds were light. Large breakers were focused on the ebb shoal just seaward of the south 
jetty. Table A4 presents the discharges for each set of measurements and the data are 
plotted in Plates A13-A16. The data generally illustrate the wave direction; however, near 
the end of the jetties, the velocity vectors indicate the tidal current direction. 


North bay surveys 


On 25 August, a partial flood flow condition survey, which included transect lines 
26-31, was made in an area of the north bay located between the inlet and extending 
1.6 km to the north (Plates A5 and A6). To complement the data set, a longitudinal 
transect along the channel center line was also obtained. On 27 August, selected ADCP 
transect lines in north bay (beginning at the inlet and extending approximately 8 km to the 
north) were monitored during ebb flow conditions (Plates A8-A10). 


Appendix A Velocity and Discharge Measurements at Ponce de Leon, FL 


South bay surveys 


On 25 August, ADCP transect lines 1-10 in the south bay were monitored during flood 
flow conditions (Plates A4 and A5). On 29 August, the south bay transect lines 4, 5, 7, 9, 
and 10 (beginning 5 km south of the inlet and extending to the inlet) were monitored during 
ebb flow conditions (Plates Al7 and A18). 


ICWW surveys 


On 25 August, ADCP transects in the ICWW were monitored during flood flow 
conditions and slack conditions (Plates A5-A7). The transect lines are located in the area 
between the confluences of the ICWW with the north and south bay channels and the 
feeding channels behind the inlet. On 27 August, ICWW transect lines 13, 17, and 19 
were repeated during flood flow conditions (Plates All and Al2). During this period, 
longitudinal transects along the main channel and side channel center lines were also 
monitored. 


Spring Tide Data Collection 


During the week of 15-19 September, the data collection effort was conducted for a 
spring tide condition. The majority of the ADCP transect lines, monitored during the neap 
tide period, were repeated for this data collection effort. For the spring tide measurements, 
a greater priority was placed on obtaining data during periods of peak ebb and flood 
currents. Additionally, the transect lines at the inlet (96), the entrance to the north bay 
(30), and the entrance to the south bay (4) were repeated frequently in an effort to 
determine current direction and magnitude both before and after each data set was 
collected. Plate A22 identifies the locations for each area monitored during this spring tide 
data collection period. On 15 September, ebb and flood flow conditions were monitored in 
the south bay area. These data are summarized in Table A6, and the depth-averaged 
velocity vectors are presented in Plates A23-A28. During the morning of 16 September, 
transect lines on the ebb shoal were monitored for ebb flow conditions. These data are 
summarized in Table A7, and the depth-averaged velocity vector plots are presented in 
Plate A29. During the afternoon of 16 September, currents for ebb flow conditions were 
monitored in the north bay area. These data are also summarized in Table A7, and the 
depth-averaged velocity vector plots are presented in Plates A30-A33. Measurements on 
17 September began on the ebb shoal during flood flow conditions. Afternoon 
measurements, on this same day, were made on the ICWW during ebb flow conditions. 
The data are summarized in Table A8 and plotted in Plates A34-A38. On 18 September, 
an intensive 13-hr data collection effort was conducted in the inlet area. These data are 
summarized in Table A9 but are not plotted. The data collection efforts for 19 September 
were designed to cover transect lines located in areas of the north bay and the ICWW 
during flood flow conditions. The data obtained for this period are summarized in 
Table A10, and velocity vector plots are presented in Plates A39-A42. 


The following is a detailed daily summary of the data collection effort conducted in the 
respective areas during the period of the second trip (spring tide). 
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Inlet survey 


On 18 September, the inlet survey was conducted at a peak spring tide. Table A9 
summarizes the discharges. The total number of transect lines monitored in the inlet area 
were identical to those from the neap tide survey. However, due to extreme wave and 
current interactions, the outside (seaward) lines were determined to be too dangerous to 
run. Transect lines 8 and 9, which determined the splitting of the flow to the north and 
south bay areas, were monitored at or near periods of peak ebb and flood flow conditions. 


Ebb shoal surveys 


The ebb shoal depth-averaged velocity vector data are plotted in Plates A29 and A34. 
The number of lines monitored during this period was reduced to five from the original 
eight. The five transect lines that were monitored include: 77, 80, 81, 82, and 83. Line 
77 extends eastward from the jetty. The remaining four lines are oriented from north to 
south and are nearly perpendicular to the axis of the main channel. Each data set for these 
five lines required approximately 2.5 hr to complete. During the ebb flow condition, the 
waves (swell) were about | m high and from an east-northeast direction. At the beginning 
of the flood tidal survey, the waves (swell) were about 0.5 m high from the east. The 
depth-averaged velocity vector Plates depict the maximum currents near the jetties. 
Further away from the end of the jetties, the influence of the waves appears to override the 
tidal current velocities. 


North and south bay surveys 


North and south bay channel surveys were performed on flood and ebb tide. The total 
number of transect lines surveyed in these areas was reduced from those from the neap tide 
survey period. This reduction in transect lines was done to provide adequate time to 
complete the north bay channel section. The omitted lines were near and similar to 
adjacent lines so that no vital information was lost. The north and south bay channel 
surveys were usually started by monitoring transect lines 96, 4, and 30, in that order, to 
determine the flow distribution between the inlet, the south channel, and the north channel, 
respectively. During the flood flow conditions in the north bay area, the transect lines at 
the extreme north end of the bay were not surveyed in order that measurements of 
velocities in the ICWW areas could be obtained. The ebb flow data in the south bay are 
shown in Plates A23 and A24, while the flood flow data are shown in Plates A27 and A28. 
The north bay ebb flow data are shown in Plates A30-A33 and the flood data are shown in 
Plates A39-A41. 


ICWW survey 
The reach of the ICWW located between the confluences with the north and south bay 


channels was surveyed for ebb and flood tidal conditions on 17 and 19 September, 
respectively. The velocity vector plots for the data obtained on these dates are shown in 
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Plates A35-A37 and Plates A39-A41, respectively. The ICWW survey also included 
transect lines (11 and 32) in the creeks located between the ICWW and the inlet. 


General Observations 


During the neap and spring ADCP and bathymetry surveys, the following observations 
were made: 


a. During the neap tide intensive ADCP survey the maximum discharges measured 
through the inlet were about 1,700 cu m/sec on flood and 1,300 cu m/sec on ebb. The 
spring tide intensive survey measured maximum discharges of 2,200 cu m/sec on flood and 
1,600 cu m/sec on ebb. In the bay area, approximately half of the flow goes to the south 
at near maximum flood flows. The remainder of the flow is split between the north bay 
and the creeks flowing into the ICWW. These creeks are located on ADCP transect lines 
11 and 32. 


b. There was significant wave action throughout the neap tide measurement period. 
Waves were breaking over the north jetty almost the whole week, and at high tide, waves 
were propagating over the jetty causing very rough conditions in the throat of the inlet. 
The ebb shoal was found to be extremely shallow just seaward and south of the south jetty. 
As a result, it was very common to have 2.0- to 2.5-m waves breaking in this region. 


c. During both the neap and spring surveys of the ebb shoal area, ebb currents were 
observed to be deflected to the south near the tips of the jetties. This was probably due to 
the waves from the northeast. Also evident in the data were reversals in the current 
directions north and south of the inlet. The somewhat erratic current direction offshore is 
also influenced by the waves present during the data collection. 


d. Very strong currents were found to exist throughout the entire study area. Current 
speeds of 60 cm/sec north and south of the inlet in the bays were commonly observed. 
Peak currents observed in the inlet were approximately 100 cm/sec. 


e. There is a large difference in tidal phase between the water level and current during 
spring tide. Strong currents in the ebb direction were observed while the water level 
continued to rise in the bay. The water level had risen substantially from the low tide 
elevation and the currents were still observed to be in an ebb direction. A similar 
phenomenon was observed for the falling tide; the water level would decrease and the 
current continued in the flood direction. 


f. The flows in the ICWW were generally observed to be from south to north when the 
flood currents in the inlet were strong . The flows were from north to south when the ebb 
currents in the inlet were strongest. 
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Table A1 
Ponce de Leon Inlet Discharge Rates on 25 August 1997 


Pome Nee: [iil wl a 
Line No. EST m*/sec 
South Bay - see Plates A4 and A5 


8/25/97 


8/25/97 


8/25/97 


(Continued) 
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Table A2 
Ponce de Leon Inlet Discharge Rates on 26 August 1997 


Time Discharge 
Line No. al m/sec 
iti areas | Throats - see Plate A21 


8/26/97 
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Time 
Date Line No. EST 


Inlet Throats (Continued) 


Discharge 
m/sec 
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Table A3 
Ponce de Leon Inlet Discharge Rates on 27 August 1997 


SS eS eS 
Line No. EST m*/sec 
North Bay - see Plates A8, A9, and A10 


8/27/97 


8/27/97 
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Table A4 
Ponce de Leon Inlet Discharge Rates on 28 August 1997 


Line No. EST m/sec 
Ebb Shoal - Ebb Tide- see Plates A13 and A14 


8/28/97 


8/28/97 
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Ponce de Leon Inlet Discharge Rates on 29 August 1997 


Time Discharge 
Line No. EST m/sec 
South Bay - see Plates A17 and A18 


8/29/97 


8/29/97 
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Table A6 
Ponce de Leon Inlet Discharge Rates on 15 September 1997 


Line No. EST m*/sec 
South Bay - see Plates A23 and A24 


9/15/97 


9/15/97: 


153 
1542 +12645 


9/15/97 
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Table A7 
Ponce de Leon Inlet Discharge Rates on 16 September 1997 


eran OL aa a 
Line No. EST m/sec 
Ebb Shoal - Ebb Tide - see Plate A29 


9/16/97 


9/16/97 


** Data not available 
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Table A8 
Ponce de Leon Inlet Discharge Rates on 17 September 1997 


Line No. EST m*/sec 


Ebb Shoal - Flood Tide - see Plate A34 


9/17/97 


9/17/97 
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Table A9 
Ponce de Leon Inlet Discharge Rates on 18 September 1997 


ee ee 
Line No. EST m/sec 


Inlet Throats - see Plate A21 
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Table A9 [Table ag(Contnued) = 
Line No. Se m/sec 


Inlet Throats Pear eee a | 


9/18/97 
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Table A9 (Concluded) 


Peau a 
Line No. EST m/sec 
Inlet Throats (Continued 


5 9/18/97 


** Data not available 
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Table A10 
Ponce de Leon Inlet Discharge Rates on 19 September 1997 


(mmm fem ea oS 
Line No. EST m/sec 
North Bay - see Plates A39, A40, and A41 
a 
a aio 
fe ae 


Intracoastal Waterway - see Plates A39, A40, A41, and A42 


9/19/97 
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